The indirect coupled modeling of the metal base disrepair has been carried out by software ANSYS. Results show that diagonal tensile stress is the main factor of crack, crack easily take place in the lower surface, where obviously exist a region of stress concentration in 45°direction. It should make symmetrical and uniform distribution as much as possible .
Introduction
Ladle slide gate system was a key component which was used to control the molten steel flow directly, so that casting can be easy to automate. The service life and the utilizing effect of the metal base not only affect the cost of per ton steel, but also have a very significant impact on ladle turnover , production scheduling , continuous casting , and the labor intensity of operators [1] . Due to various reasons, the life of the metal base were at different lengths, and easy to cause cracks. Therefore, the temperature and stress fields of the metal base were calculated by the FEM method; analyzing the crack causes and the main factors of impacting the life had important guidance purpose to solve the problem of base damage [2] [3] [4] . 2 Thermo-mechanical coupling model of the Metal base 2.1 Assumptions in the mode With the simultaneous use of ladle, the course of the metal base work was as follows: base mounting →the first pouring →ladle placed cooling →pouring →ladle placed cooling, and so on. The metal base of the ladle's bottom was a three-dimensional unsteady heat transfer process, which combined conduction, convection and radiation in the process of pouring steel or stop pouring. Moreover, the temperature distribution of metal base changed over time in these two processes. The assumptions or simplified on the base model were:
(1) Thermal radiation was converted into convection;
(2) The metal base was considered as homogeneous and continuous medium;
(3) Meet the small deformation theory; (4) Material was regarded as isotropic; (5) Assumed that metal materials obey the Mises yield criterion. 2.2 Governing equations for metal base (1) heat transfer equation [5, 6] 
where ρ is the density of the metal base,(kg·m -3 ); * C is the specific heat,[J·(kg·℃) -1 ]; T is the temperature,(℃); t is the time,(s); λ is the thermal conductivity,[W·(m·℃) -1 ]; } {V is the velocity vector; } {L is the derivative vector and ] [D is the heat conduction coefficient matrix. (2) thermal elastic-plastic mode [5, 6] .
is the elastic-plastic matrix； } {σ is the stress matrix; } {ε is the strain matrix andα is the factor of expansion.
Initial and boundary conditions (1) Initial conditions
The first packet after pouring and cooling temperature was selected as the initial temperature during pouring steel; it took the final step temperature field which was calculated in pouring process, as the initial temperature of stop pouring steel. Due to the material properties of the metal base was similar to the steel plate, it was regarded synchronous expansion as the bottom of ladle. Therefore, the initial stress of the metal base may be zero under condition of the average temperature of the ladle shell.
(2) Boundary conditions Such problems as the boundary of the upper nozzle and the molten steel, the upper nozzle and upper slide border, the boundary between the upper nozzle and the base, base and atmosphere boundary conditions were involved in the numerical simulation. The heat transfer mechanism was so complex that resolving the boundary conditions of the metal base was the key issue of temperature and stress fields calculation. A variety of boundary conditions were supposed as follows: 1) Heat transfer between the surface of the base and air was by means of natural convection; 2) Assumed that molten steel was 1600℃, obeying the first boundary conditions;
3) The upper and lower surface of the base were treated as thermal insulation, because of a small heat; 4) The unit had no heat in the normal direction on the plane of symmetry, regarded as thermal insulation. 5) During thermal stress calculation, the symmetry constraint was set in the symmetry plane, the mounting holes at the imposing fixed constraints, the rest boundaries were free. According to the symmetry of the base structure, the 1/2 entity model was selected for the calculation. Figure 1 shows the structural model and the mesh grid entity model pictures of the metal base. Thermodynamic parameters which were used in the simulation show in Table 1 .
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Results and Discussion

Temperature distributions of the base in the pouring steel or stop pouring process
The temperature distributions of the metal base are shown in Figure 2 from began pouring steel to the end. Figure 2 shows，the closer the outlet hole, the higher temperature of the base. Reversely the temperature of the edge is lower. The heat near the outlet hole constantly passes out. Temperature distributions of the metal base in the natural cooling process after the end of the pouring of steel are shown in Fig.3 .
Fig.2 Temperature fields of metal base during pouring steel
Applied Mechanics and Materials Vol. 251
Fig.3 Temperature distribution of metal base after casting
It can be seen from Fig.3 , when stop pouring molten steel at 28 min, the temperature of the base reaches the maximum value at 436 °C. Because the outlet temperature is still high after the end of the pouring steel, and continually transfers heat to the base. The temperature of the base is lower along with the outlet temperature decreases gradually.
Stress fields of the metal base in the pouring steel or stop pouring process
The stress fields of the metal base under normal condition are shown in Fig. 4-Fig. 7. Fig.4 and Fig.6 are the equivalent stress (SEQV) distributions of the base in pouring or stop pouring steel process, Fig.5 and Fig.7 are the first principal stress (S1) distributions of the base in pouring or stop pouring steel process. Fig.4 The equivalent stress (SEQV) distribution of metal base during pouring Fig.5 The first principal stress (S1) distribution of metal base during pouring steel
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As shown in Fig.4 , the maximum SEQV of the base appears around the mounting holes or in the weak parts of materials, and it reaches the peak in 5min, 10min, 15min, during pouring process. Then the maximum stress values gradually decrease as the pouring went on. Compared the upper surface stress of the metal base with the lower at the same time, it is shown that the stress under the surface of the metal base is greater than the upper. Therefore, crack easily takes place in the undersurface, where obviously exist a region of stress concentration in 45°direction, and its value exceeds the tensile strength of 600MPa. In theory, it will cause the plastic deformation or fracture in this place. In the actual production, the thermal stress of the base will be released through the thermal deformation in the bottom of the ladle; the stress near mounting holes can release a little because of slippage between the fixed base used by the bolt and mounting holes. So the fracture is not the first appeared in the mounting holes, but occurs along the 45°direction of the base.
It is crack generated by the tensile stress that easily occurs in the part of the dramatic changes of the geometry. Fig.5 shows, the damage of the metal base mainly arises in the center casting edge of the hole, caused by thermal shock. The lower surface of the metal base comes out a region of stress concentration in 45°direction. The region of 45°-135°inside the center hole of the base produces the state of compressive stress, the others have the effect of tensile stress. Fig.6 The SEQV distribution of the metal base during stopping pouring Fig.7 The S1 distribution of the base in stopping pouring process Fig.6 shows, similar to the stress distributions in pouring process, the maximum equivalent stress of the base also produces around the mounting holes or weak material parts. And it presents an increasing trend at the beginning. when stop pouring at 40min, the equivalent stress reaches 509MPa, which is the maximum stress value, then followed by declining. The stress in the lower surface of the metal base is greater than the upper at the same time, so cracks appear first from the lower surface. Fig.7 shows the first principal stress distribution, when stop pouring at 5min, the maximum S1of the base is 567MPa. Among with time the stress gradually decreases, the value is decreased to 542MPa until 2h.
Conclusions
(1)The upper surface stress of the metal base is less than the stress of the lower surface at different times in use； (2)Diagonal tensile stress is the main factor of the cracks； (3)Stiffen ribs to the place where is easy to appear the crack; try to make the structure of the base symmetric so that the stress on the base can be more evenly distributed.
